SUMMARY Two neonates with arrhythmias and the long QT syndrome are described. The arrhythmias were detected in utero and both infants were apparently well after birth. The first infant, although well, had a bradycardia for the first 9 days of life. A normal heart rate was documented at 10 days but a prolonged QT interval was not appreciated on the ECG. He was discharged from hospital but died suddenly and unexpectedly 3 days later. A post-mortem examination failed to find a cause for his death which therefore fell into the category of the sudden infant death syndrome (SIDS). A retrospective analysis of the perinatal electrocardiogram showed a probable junctional rhythm with 2:1 conduction to the ventricle; the QT interval was prolonged at 0 * 52 seconds (QTC = 063). The second infant had a QT interval of 0 * 52 seconds (QTC 0* 54) and frequent ventricular premature beats on a 24-hour electrocardiogram. She was treated with propranolol and remains well 2 years later. Sudden infant death has often been described in the siblings of children with the long QT syndrome and one other report described a case of SIDS which was said to have had a prolonged QT interval on the perinatal ECG. This report, however, provides unquestionable evidence, in one case, of an association between the long QT syndrome and SIDS.
syndrome. One was treated and remains well, while the other-whose death fell into the category of SIDS-was found to have this abnormality on retrospective analysis of the electrocardiogram.
Case 1
This boy, birthweight 2 * 5 kg, was the first child of a 23-year old woman. She did not smoke, and her home circumstances were materially good. At 37 weeks' gestation she was admitted to hospital with moderate pre-eclamptic toxaemia and treated with frusemide 40 mg once daily, slow K 600 mg twice a day, and diazepam 5 mg three times a day. During this admission the fetal heart rate was noticed to be irregular, with slowing to less than 100 per minute. At 39 weeks' gestation spontaneous onset of labour occurred, and after 9 hours a forceps delivery was carried out for pre-eclamptic toxaemia and fetal bradycardia. The pulse rate was 140/min at birth but fell to 73/min after 12 hours. The infant was clinically well and an ECG was taken and interpreted as 2:1 atrioventricular block (Fig. 1 ). This brady- Origin of the impulse is probably junctional rather than sinus because of the abnormal P wave axis (-900).
cardia persisted until 9 days of age when the heart rate reverted to 130/minute; no ECG was recorded at this time. The baby was discharged from hospital and 2 days later, while being breast fed, he collapsed and died. A post-mortem examination performed by the pathologist appointed to the Department of Health study group into SIDS failed to show an adequate cause for this death. The paediatricians who attended this infant before discharge from hospital were surprised by his death and did not consider that the transient postnatal bradycardia was responsible. A diagnosis of SIDS was therefore made by the coroner. Because of our interest in the possible association between neonatal arrhythmias and SIDS we were asked by the pathologist to review the ECG taken shortly after birth. Our interpretation was that this arrhythmia represented a probablejunctional rhythm of 136/min with alternate junctional impulses failing to conduct to the ventricle because of the prolonged phase of repolarisation (a QT interval of 0 52 seconds as measured over 10 beats, QTC = 0 63). A detailed study of the conducting system of the heart was normal. The sinus node was in the expected lateral position, and was morphologically normal. The posterior atrial ganglia were related to an area of epicardial haemorrhage, but contained no inflammatory changes. The atrioventricular node was well formed, and gave rise in normal fashion to a penetrating bundle. There were slight extensions of archipelagos into the central fibrous body. The branching bundle was well formed and the bundle branches of typical morphology. No inflammatory changes were noted in the conduction tissues.
There was no family history of deafness, fainting, or sudden death, and electrocardiograms on his parents and grandparents showed normal QT intervals.
Case 2 This girl was the first child of a 22-year-old nonsmoking, married woman who had emigrated to England from Pakistan 13 years previously. The mother was taking diazepam 2 mg twice daily for anxiety during pregnancy and was investigated at 28 weeks' gestation for fainting attacks. At 32 weeks' gestation a fetal bradycardia of 90/min was noticed which persisted until the time of delivery. At 39 weeks, spontaneous onset of labour occurred and a term girl weighing 2 058 kg was born. A standard electrocardiogram on the first day of life showed sinus bradycardia of 90/min and as measured over 10 beats a prolonged QT interval of 0 52 seconds (QTC = 0 54). Her serum calcium was 2 34 mmol/l (9 * 36 mg/100ml) and potassium 4 -8 mmol/l. Subsequent electrocardiograms continued to show a long QT interval and a 24-hour electrocardiogram showed frequent ventricular premature beats (up to 40 per minute) (Fig. 2) . Propranolol 1 mg 8 hourly was given and produced a pronounced reduction in the number of ventricular premature beats on the 24-hour ECG. The child is now 2 years but has a perceptive deafness. Her electrocardiogram continues to show a prolonged QT interval. She has remained well on propranolol and has never fainted. There was no family history of deafness or sudden death, and electrocardiograms on her parents have shown normal QT intervals. Discussion
The prolonged QT interval found on the electrocardiogram in these two cases appears to represent congenital abnormalities of repolarisation. The presence of deafness in Case 2 indicates the Jervell and Lange-Nielsen syndrome (Jervell and LangeNielsen, 1957 . While a recent study by James et al. (1978) demonstrated inflammatory changes in the autonomic cardiac ganglia of patients with long QT, no such changes were present in our case. It is, however, interesting to note that both mothers were taking diazepam during pregnancy. This drug is known to affect the autonomic nervous system (Dukes, 1976) .
Case 1 not only had a long QT interval but also a probable accelerated junctional rhythm with 2:1 conduction to the ventricle. We suspect a junctional rather than a sinus rhythm because of the abnormal P wave axis (-900) but an ectopic atrial focus is a possibility. We presume that alternate junctional beats failed to conduct to the ventricle because of its prolonged phase of repolarisation rather than atrioventricular node dysfunction, although we cannot exclude this latter conduction disorder. Conduction disorders probably representing sinus node dysfunction have previously been described by Olley and Fowler (1970) but to the best of our knowledge this particular arrhythmia has not been reported. An ECG was not performed when the heart rate was normal and therefore we do not know the mechanism behind this change in rate. The irregular rhythm noted before birth could have represented ventricular premature beats but none was documented on the standard ECG performed shortly after birth. In our opinion, a ventricular tachyarrhythmia associated with a low threshold for ventricular fibrillation due to the long QT interval was responsible for the sudden death of this infant, rather than asystole associated with the junctional rhythm and 2:1 atrioventricular conduction. We feel that the latter was secondary to the prolonged phase ofrepolarisation rather than to atrioventricular nodal dysfunction.
SIDS has been reported in siblings and other close relatives of children with the long QT syndrome (Romano et al., 1963; Fraser and Froggatt, 1964; Chaudron et al., 1976) . Fraser and Froggatt (1964) and Schwartz (1976) suggested that some sudden unexpected infant deaths were likely to be associated with this conduction disorder. This hypothesis has however led to controversy. Maron et al. (1976) studied parents and siblings of cases of SIDS and found longer than normal QT intervals in some of these relatives. However, Kukolich et al. (1977) using similar family studies, and Kelly et al. (1977) in 'near-miss' SIDS cases, both failed to find significantly prolonged QT intervals. Smith (1978) has recently described a case of SIDS said to have had a prolonged QT interval of 0132 seconds (QTC = 0 48) on a perinatal ECG but in our opinion the QT interval on the published ECG was within the normal range (Walsh, 1963) . Thus Case 1 in this present study provides strong evidence to support the hypothesis that there is a causal relationship between the long QT syndrome and some cases of SIDS. As previously suggested by Schwartz (1976) and Maron et al. (1976) , only a prospective ECG study of a large newborn population will establish the true incidence of this conduction abnormality and determine the number of sudden infant deaths associated with it.
These cases are also of interest because they were detected before birth. Ventricular fibrillation or asystole in the fetus could result in an otherwise unexplained stillbirth and it is possible that a small number of stillbirths are related to the long QT syndrome.
Despite their arrhythmias both infants were clinically well at the time of their ECGs and in our opinion it is probable that their different outcomes related to the treatment of Case 2 with propranolol. This drug has been shown to reduce the severity and frequency of syncopal episodes in the long QT syndrome (Ward, 1964; Gale et al., 1970; Garza, et al., 1970; Wellens et al., 1972; Schwartz, 1976) , possibly by reducing the incidence of ventricular tachyarrhythmias. 24-hour ECG monitoring of Case 2 showed that treatment with propranolol almost completely abolished ventricular extrasystoles.
The presence of a junctional rhythm in Case 1 might have represented an associated disorder of sinus node function. It is therefore possible that treatment with propranolol, because of its depression of automaticity and conduction (Stephen, 1966) , could have precipitated dangerous bradycardias in this infant. However, a case has recently been described (Olley and Fowler, 1970) , where, in this syndrome, syncope due to asystole and associated with short runs of slow junctional rhythm responded to propranolol.
The long QT syndrome is known to cause sudden death in older children. We suggest that our case of SIDS was probably due to an arrhythmia associated with this cardiac conduction abnormality. The absence of both a family history and of a prolonged QT interval in the relatives of these patients confirms that an obvious hereditary factor may not always be present. Only a large prospective study of the ECG in the newborn infant will establish the true incidence of this disorder.
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